Drug discovery is a lengthy and costly process which aims at bringing in a novel therapeutic molecule for the treatment of various diseases. In the present study, a novel series of eighty chalcone derivatives [(4-substituted)-(4'-substituted)-3' substituted sulphonyl (2E)-1,3-diphenylprop-2-en-1-one] were designed to inhibit soluble epoxide hydrolase enzyme (sEH). Lipinski's rule of 5 and absorption, distribution, metabolism, elimination and toxicity (ADMET) properties of the compounds were calculated using Molinspiration server and Accord for excel software respectively. All 80 compounds have passed the Lipinski's rule of 5 and only 20 compounds showed considerable ADMET properties. These 20 compounds were subjected to molecular docking studies using AutoDock 4.2 in order to rationalize the possible interactions between test compounds and the active site of human soluble epoxide hydrolase enzyme (1ZD3). Binding energy, intermolecular energy and inhibition constant were the main parameters taken into consideration in this study. The binding energies ranged from -6.07 to -7.89 kcal/mol, the inhibition constant ranging from 1.64 µM to 35.45 µM and intermolecular energy ranging between -9.38 kcal/mol to -6.97 kcal/mol. Hence, further pharmacophore optimization and in vivo studies are necessary to develop potent chemical entities that could inhibit the sEH enzyme.
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INTRODUCTION
Drug design is an inventive process of finding new medications based on the knowledge of a biological target. Drug discovery and development is an intense, lengthy and an interdisciplinary endeavor. It is a linear, consecutive process that starts with target and lead discovery, followed by lead optimization and pre-clinical in vitro and in vivo studies to determine if such compounds satisfy a number of pre-set criteria for initiating clinical development [1] [2] [3] . Present day computational methods deal with all the aspects of drug discovery and have become an essential part of structure-based drug design. They allow developing new drug candidates more rapidly, at a lesser cost. Their key roles in drug discovery are virtual screening and de novo design, in silico ADMET prediction and advanced approaches for defining protein-ligand binding 1 . Epoxyeicosatrienoic acid (EET) is the epoxide metabolite of arachidonic acid, formed by the action of Cytochrome P450 epoxygenase in various organs including the liver, kidney and heart 4, 5 . They possess many physiologically important roles like fibrinolytic, anti-thrombotic, anti-proliferative, vasodilatory, anti-inflammatory, bronchodilatory and anti-diabetic actions. They also aid in angiogenesis, apoptosis, mitogenesis and secretion of hormones [5] [6] [7] . Soluble epoxide hydrolase (sEH) is the primary enzyme involved in the metabolism of chemical mediators 6, 8, 9 . They hydrolyze EETs to their corresponding dihydroxyeicosatrienoic acid (DHETs). It is suggested that the inhibitors of sEH would effectively increase the in vivo concentration of EETs thereby proving to be useful in the treatment of hypertension, inflammation and other disorders 6 . Chalcone oxides, trans-3-phenylglycidols, urea and carbamate derivatives were reported to inhibit the enzyme sEH 8, 10 , of which 1,3-disubstituted ureas and carbamates were considered as the most potent and stable inhibitors at nanomolar inhibitory concentrations [11] [12] [13] . Therefore in this study, we reported the sEH inhibitory effect of chalcones substituted with the groups like fluoro, chloro, bromo, acetamido and sulphonyl groups at 3' and 4' positions. Special emphases on the ADMET properties of synthesized chalcone derivatives were given to prevent the drug failure at the later phase of drug development. Ligand design Ligands were designed with the basic pharmacophore (NH-CO group) using chalcones as the basic nucleus with different substitutions like fluoro, chloro, nitro, acetamido, methyl, methoxy, hydroxy and sulphonyl substituted secondary amines (morpholine/ N-methyl piperazine/ pyridine/ piperidine) at 4,4',3' and 2' positions. About 80 compounds were designed for sEH inhibition by incorporating these functional groups. Structure of the ligands was drawn using ChemDraw and SMILES notation was developed for the designed ligands.
MATERIALS AND METHODS
Softwares required
Lipinski's Rule of 5
The compounds that were drawn using ChemDraw software were initially screened for Lipinski's rule of 5 using Molinspiration server. The SMILES notation was developed for the structures drawn, which were entered in the tab provided in the online SMILES translator. The option "Calculate of molecular properties and bioactivity prediction" was selected and the properties were calculated 14 . ADMET properties For ADMET properties, initially the structure in ChemDraw were imported into Accord for excel and the options 'ADME functions' followed by the 'ADMET property' were selected and the individual properties were calculated. The ADMET properties so calculated include human intestinal absorption (HIA), hepatotoxicity, CYP2D6 inhibition and blood brain barrier penetration. Chalcone derivatives that have passed the ADMET and Lipinski's rule of 5 were subjected to molecular docking studies using AutoDock 4.2.
Molecular docking
The X-ray crystal structure of sEH complexed with ureido compounds (PDB code 1ZD3) was downloaded from Brookhaeven protein data bank (PDB) and was refined using Accelrys discovery studio visualizer ( Figure 1 ). Using AutoDock Tools, the enzyme, sEH in the .pdb format was converted to .pdbqt format. Then the chalcone derivatives (ligands) which have passed the ADMET tests were optimized for docking studies using "Prepare Ligands" option in the AutoDock 4.2. The grid parameters were set using 'AutoGrid' and the file was saved as .gpf file. By using the Cygwin program the .gpf file was converted into .glg file. The optimized ligand molecules were docked into refined sEH model using AutoDock 4.2 by setting the algorithm as Lamarckian genetic algorithm and the file was saved as .dpf file which was later converted into .dlg file during the docking process. The .dlg file was analyzed using AutoDock Tools and the parameters like binding energy (Kcal/mol), intermolecular energy (Kcal/ mol) and inhibition constant (µM) were considered to select the best docked compounds 15, 16 .
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RESULTS AND DISCUSSION
Lipinski's rule of 5 and ADMET properties
Most drug failures in the drug development process were due to poor pharmacokinetic properties and toxicity. Hence to avoid this, compounds were screened for Lipinski's rule of 5 and ADMET properties. Lipinski's rule of 5 is used to predict the oral bioavailability but not the pharmacological activity. It gives the molecular weight (MW), octanol/water partition coefficient (Log P o/w ), hydrogen bond acceptors (HB-acc), hydrogen bond donors (HB-don) and the number of violations (NOV). Compounds which had a molecular weight of less than 500, hydrogen bond acceptor less than 10, hydrogen bond donor less than 5, and a log P value of less than 5 were considered to be orally bioavailable. According to Lipinski's rule of 5, only two violations are allowed in the molecular docking studies 1, 2, 14 . Accord for excel was used to calculate ADMET properties like human intestinal absorption (HIA), blood brain barrier penetration (BBB log lev), CYP2D6 inhibition (CYP inh) and hepatotoxicity (Hepatox). Compounds were considered to be hepatotoxic if the value is greater than 0.5 and this was considered as the main parameter to screen the compounds. Compounds with significant ADMET descriptors as well as Lipinski's rule of 5 have been reported in Table 1 . Compounds with functional groups like flouro, chloro, nitro and bromo substitutions exhibited hepatotoxicity and these compounds were excluded from our study. Table 1 Results of ADMET properties and Lipinski's rule of 5 of the designed chalcones.
Molecular Docking
Molecular docking studies help to determine possible interaction of chalcone derivatives with sEH enzyme. The designed compounds were found to have excellent binding affinity to the enzyme. Binding energy of the individual compound was calculated using the following formula,
Binding energy = A+B+C-D
where, A denotes final intermolecular energy + van der Walls energy (vdW) + hydrogen bonds + desolvation energy + electrostatic energy (kcal/ mol), B denotes final total internal energy (kcal/mol), C denotes torsional free energy (kcal/mol) and D denotes unbound system's energy (kcal/mol).
The selected compounds showed binding energy ranging between -6.07 to -7.89 kcal/mol which proved that the compounds possess potential sEH enzyme inhibitory binding sites (Table 2) . In addition, two other parameters like inhibition constant (K i ) and intermolecular energy were also determined. Inhibition constant is directly proportional to binding energy. As shown in table 3, the selected compounds showed inhibition constant ranging from 1.64 µM to 35.45 µM which implies that they exhibited higher sEH inhibitory activity. 1*-10* indicate the ten best docked conformations of the compound Intermolecular energy is also directly proportional to binding energy. In our study, there was a decrease in intermolecular energy of all the selected compounds with a simultaneous decrease in the binding energy. The sEH inhibitory activity of the selected compounds was further proved by a decrease in intermolecular energy ranging between -9.38 kcal/mol to -6.97 kcal/mol (Table 4) . Gasteiger charges were calculated for each atom of the macromolecule using AutoDock 4.2 instead of Kollman charges which were used in the previous versions of this program. Three-dimensional affinity grids of size 277 × 277 × 277 Å with 0.6 Å spacing was centered on the geometric center of the target protein and were calculated for each of the following atom types: HD, C, A, N, OA, and SA, representing all possible atom types in a protein.
Additionally, an electrostatic map and a desolvation map were also calculated 16 . On the basis of the above study, it can be proved that chalcone derivatives possess potential sEH inhibitory binding sites which may be attributed due to the differences in the position of the functional groups in the selected compounds.
CONCLUSION
In the present investigation, different chalcone derivatives were designed, screened for Lipinski's rule of 5 and ADMET properties and the non-toxic compounds were docked to the active site of sEH. The results thus obtained revealed that the substituent with acetamido group on the 4, 4' and 3' position of benzene ring of chalcone nucleus may have a considerable impact on the enzyme inhibitory activity of the chalcones. The compounds designed with -NH and -CO groups in the basic chalcone nucleus showed more potent inhibitory activity than the previously reported 4-phenyl chalcone oxide. An important factor responsible for the sEH inhibition is the incorporation of acetamido group which interacts with Asp 333 involved in the metabolic pathway of EETs. Hence, further pharmacophore optimization is needed for these analogues to improve their binding affinities and in vivo studies are necessary to develop potent chemical entities that could inhibit the sEH enzyme.
